The relation between corn yield and the number of acres in corn on Iowa farms isa matter of considerable interest. If technical and economic conditions were uniform, the presumption wouldbe that corn acreage would vary with the productive capacity of the soil. The very existence of different type-of-farming areas in the state, however, indicates non-uniform conditions. The questions arise as to whether any relation of yield to corn acreage on individual farms exists within these type-of-farming areas, and if so, whether the relation is the same in one area as in another. Recent findings indieating that there is greater erosion on small farms lend additional interest to the inquiry.2
This problem was first attacked by Schultz 3 using the technique of analysis of variance. At the time, however, he was handicapped by the fact that no method was available for handling disproportionate subclass numbers. He was compelled to make a random choice of only part of the available data in order to keep his subclass numbers proportional. Later, Snedecor and Coxẽ xamined a similar set of data, using the newly developed techniques appropriate to disproportionate subclass numbers. The solution was still inconclusive because in dealing with disproportionate subclass numbers there must beset up some hypothesis about the population from which the sample is drawn. Usually, the exact form of the hypothesis is unessential, but in this ease the 'result obtained seemed to bea consequence of the hypothesis chosen.
Meanwhile, the analysis of covariance as originally presented by Fisher has been expanded and perfected by him and his coworkers.
li
In its extended form, it lends itself admirably to the solution of the yield-acreage problem. In addition, further sur1The authors wish to express their appreciation of the counsel and assistance rendered by Professor T. W. Schultz, head of the Economics and Sociology Department.
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I Fisher, R. A. Statistical Methods for research workers. Oliver and Boyd, Edinburgh. Fourth and Fifth Edition (1932, 1984 veys of Iowa conditions have resulted in a division of the state into more homogeneous type-of-farming areas, seven in number, which are based upon selected physical and economic criteria, such as the proportion of the farm's income obtained from the sales of livestock, livestock products and crops, and upon the typical organization of the farms. It seems appropriate, therefore, to present the new solution of the problem both for its economic contribution and as an illustration of the use of the powerful new group of statistical methods known as analysis of covariance.
The data for 1933were made available through the courtesy The last correction term has a numerator which is the product of two sums instead of the square of a sum.
The total sums of squares and products:
for acreage, 13,513,056 -8,999,453 = 4,513,603 for yield, 4,529,611-4,180,724 = 348,887 for product, 6,211,635 -6,133,859 = 77,776 Between area means sums of squares and products:
for acreage, The correlation and regression coefficients The only significant correlation (and, therefore, regression coefficient) is the one for total. The larger correlation between means of areas is based on too few degrees of freedom for signifiea~ce. The one within areas is an average of the seven individual area coefficients which will be segregated later. All this indicates that there is no very striking relation between yield and acreage in the state as a whole.
It is now necessary to introduce into our area comparisons a correction whi<ilimakes allowance for such variations in yield as may be due directly to variation in corn acreage. When this is done, there remains the sum of squares of errors of estimate of corn yield for each of the lines of table 4. Since the correlations are small, these sums of squares will be little less than those under the caption, 8y2. The formula for the computation is 8y2 -(8xy)2/8x 2 , the second term being the indicated correction.
Applying this to the first line in .In a similar manner, the sums of squares of errors of estimate are computed for the other two groups, all the results being recorded in table 5. The degrees ·offreedom in each line have been reduced by one, corresponding to the regression coefficient(or correlation coefficient)implicitly used in the adjustment.
Owing to the slight decrease in the between means of areas sum of squares, coupled with the relatively great reduction of the degrees of freedom, the mean square of errors of estimate between area means is actually greater than the unadjusted for products, 695,449 -685,499 = 9,950 Each correction term is subtracted from the corresponding sum of squares or products of entries from table 2 to determine the sums of squares and products in line 1 of table 6. The cO'rrelations and regressions are computed as previously illustrated.
Since an examination of the results recorded in table 6 show that there are differences among the correlations and regression coefficientsin the seven areas, it is desirable to find out whether they vary only as much as might be expected in random sampling from a homogeneous population, or whether the areas differ significantly among themselves in the relation between acreage and corn yield. As a first step in testing the differences among the area regression coefficients,the sum of squares of corn yield in each a'rea is adjusted for its own regression on corn acreage, that is, the sum of squares of errors of estimate is computed for each area in the manner already explained. The results for the seven areas are recorded in the last column of table 6. Each source of va'riation loses a degree of freedom corresponding to the regression coefficientused in the adjustment. The sums of squares and degrees {)ffreedom' for the seven areas are added .to give the within areas sum of squares, adjusted for individual regressions. This within areas sum of squares (306,256) is the pooled sum of squares of the deviations of the individual obse'rvations, each measured from its own area regression. Contrast with this, the within areas sum of squares of errors of estimate (308,105) from table 5, which is adjusted for the average within area regression: that is, instead of taking the deviation of each observation from its area regression, the deviation is measured from an average regression common to all areas.
The data for these two sums of squares of erro'rs of estimate within areas are entered in approximately 140. These estimates usually differ somewhat but not much. The six degrees of freedom associated with the seven area regressions yield the mean square, 308.2. This furnishes the deshed test of significance of the differences among the area regression coefficients of table 6. The value, F = 308,2/139.8 = 2.2, just beyond the 5 per cent level, is not convincingly significant. Nevertheless, it will be assumed in what follows that some of the type-of-farming areas are characterized by differing regressions of yield on acreage. This assumption is supported also by the fact that .of the two significant regressions in table 6 one is positive and the other negative. On the other hand, it is clear that the othe'r five regressions may exhibit only sampling variation from a homogeneous population.
Before attempting to interpret the results already obtained, it is enlightening to consider the graphical representation of the regressions under discussion. Regression equations .that for South Central Pasture area is significantly positive. The negative regression in the Northern Cash Grain area is apparently associated with varying management practices of the individual farmers. Those who raise corn on too great a portion of their land, seeking immediate cash returns, fail to preserve the soil fertility, the result being a decrease in yield per acre.
The situation in the South Central Pasture area is more complicated. Many of the farms in this region are hilly and unsuited • Significant .
•• Highly significant.
to corn production. The small corn acreages are associated with small farms on which erosion has in many instances progressed so far as to cause serious impairment of the fertility. The farms with large corn acreages are usually on level ground where the fertility has been maintained. In this area, therefore, there is a significant positive correlation between acreage and yield. To a less extent, this proved true in the Southern Pasture area. The non-significant correlation in this area may be due to some peculiarity of the sample of farms. It is believed that much the same relations exist in these two areas, and also that the yields associated with small acreages have been tending to become smaller for a number of years. Two observations may now be made. (i) The adjusted mean square between area means, in table 8, measures the deviations of these means from their own regression line. The graph appears in figure 1. The circled points represent the area means. The somewhat contradictory statement may be made that the most notable feature of this area mean regression is its failure to account for the mean area yields. The large deviations explain the non-significant correlation between means of areas in table 4. It is questionable whether this regression represents any population relationship or is merely a sampling accident. (ii) The remainder mean square, 4,484,furnishes a test of the significance of the difference between the last two regression coefficientsin table 4, those between area means and w-ithin areas from average regression. The lines are indicated in figure 1. The F value, 4,484/139.8= 32.1, leaves no doubt of the significance of this difference. Nevertheless, the doubtful objectivity of the regression for area means makes the interpretation questionable. Subject to this limitation, quantitatively at least, the relation between acreage and yield on the farms in the state is different from that relation for the means of the type-of-farming areas. Summary 1. Analysis of covariance has been used to study the relation between com yield and corn acreage within and between the seven types....of-farmingareas of Iowa in 1933. The relationships are quantitatively small.
2. In the Northern Cash Grain area a significant negative correlation is interpreted as indicating decreased fertility on farms where corn is raised so persistently as to impair fertility.
3. In the South Central Pasture area the significant positive correlation reflects the tendency for operators of small farms to keep land~corn despite the effects of erosion.
4. In the other five areas of the state there is little relation between corn acreage and corn yield.
5. There is a highly significant difference in the mean area corn yields of the seven type-of-farming areas. In this 1933sam-ple, the North Central cash grain farms had a larger average corn yield than the o.ther areas.
